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6-56%&?5%-,2*&$*(#52%*5$"*7#%5F-5$*6#332:i*;,#$"2*X&-6<#7*S6&*MT>*G[[BG]H*
IGDDDK*
*
H_: R5$6-*P>*\5)56#*kR>*L#3?52*P>*L#1#3-*O>*X#$%-*J>*\&33#)52*0>*P#%|6&5*L&1#&,-*R:*
sJ<,-$&6*<5#7-3(%&6*5$5#7&5*1#6582#*-'*+(,8?5%#*4&$52#*IVdK*"#'&6&#$6(*&$*5*
6<&3"*<#%#,-F()-82*'-,*<5#7-)3-1&$*S*5$"*$-*63&$&653*'#5%8,#2*-'*2&643#*6#33*
H]*
"&2#52#:i*M8,*k*W5#75%-3:*GD_D*k5$*_cUfI_KY]^B^D:*M+81*GDD^*S#+*_a:*
*
HG: R5$&5%&2>*;:>*V%52<$#>*R:>*X56475$>*d:>*d3#&">*.:>*Z352<75$>S:>*k#'',#(>*0:*5$"*
R5$8,#>*L:*I_^[`1K*sL#6-)$&%&-$*2#@8#$6#2*-'*,#+,#22-,*5$"*V-3(7#,52#*&$*
%<#*-+#,5%-,2*-'*156%#,&-+<5)#*3571"5:i510-8%BMTN>H^fBH^[*
*
HH: R52%-$*N>*M?5$2*S>*N,##$*R:*s;,5$26,&+%&-$53*,#)835%-,(*#3#7#$%2*&$*%<#*
<875$*)#$-7#:i*C''-&D%)&=%'(."!#&,-.&=%'%0*&GDDac]ZG^j`^*
*
Hf: R5%(2*\>*d#3BR5,)-83&2*A\>*Z,&64#*M>*#%*53:*s;L0/SZ0J*5$"*&%2*7-"83#*
;L0/SJ-7+#3Y*%,5$26,&+%&-$53*)#$#*,#)835%&-$*&$*#845,(-%#2:i*/863#&6*06&"2*
L#2*IGDDaK*
*
H`: R5=57>*0:R:*5$"*N&31#,%>g*I_^[[K*s0*$#9*R#%<-"*'-,*S#@8#$6&$)*
./0:i:8(!*5103*C!1$*9!"*E9CB]b>`aDB`af*
*
Ha: R#33-,>*k:*IGDD`K*s;<#*"($57&62*-'*6<,-75%&$*,#7-"#3&$)*5%*+,-7-%#,2:*R-3:*
sJ#33*Oa>*_f[j_`[:*
*
H[: /5,-"*S>*P($6<*W>*J-$95(*;>*#%*53:*s!$6,#52&$)*&$6&"#$6#*-'*1,#52%*65$6#,*&$*
'57&3(*9&%<*XLJ0_*78%5%&-$:i*F1'!%0*&_^^HcVbOY__D_jDG:**
*
H]: /MX*I<%%+YCC999:$#1:6-7C$#1#6-77CM$F(7#Z&$"#,:52+K*
*
H^: /5,3&45,*P##35?5%&*/5,3&45,*5$"*!?5$*A?6<5,#$4-:*s!"#$%&'(&$)*,#)835%-,(*
#3#7#$%2*&$*#845,(-%&6*)#$-7#2:i*X,&#'&$)2*&$*Z8$6%&-$53*N#$-7&62*5$"*
V,-%#-7&62*IGDD^K*UIfKY*G_`BGHD**
*
fD: A<3#,*O:*s!"#$%&'&65%&-$*-'*6-,#*+,-7-%#,*7-"83#2*&$*.,-2-+<&35*5$"*%<#&,*
5++3&65%&-$*&$*5668,5%#*%,5$26,&+%&-$*2%5,%*2&%#*+,#"&6%&-$:i*5-!3%"!&C!"$#&D%#*&
GDDacVbY`^fHj`D:**
*
f_: A,+<5$&"#2>*N:*5$"*L#&$1#,)>*.:*IGDDGK*s0*8$&'&#"*%<#-,(*-'*)#$#*#=+,#22&-$:i*
J#33*ONU>*fH^jf`_:*
*
fG: V#$$566<&-*P>*0<&%8?*/>*R-2#2*0>*#%*53:*s?'&)")(*#$<5$6#,*5$53(2&2*-'*<875$*
6-$2#,?#"*$-$B6-"&$)*2#@8#$6#2i:*510-8%*&GDDacbbbZf^^j`DG:*
*
H^*
fH: *V,&1$-9>.:I_^[`K*s/863#-%&"#*S#@8#$6#*-'*5$*L/0*V-3(7#,52#*X&$"&$)*2&%#*
5%*5$*#5,3(*;[*+,-7-%#,:i*:8(!*5103*C!1$*9!"*E9CB]MP[]fB[]]:*
*
ff: V:S:>*R&$-?&%24(>*S:>*\&$-),5"-?>*.:\:>*0,4&$>*0:>*R&,-$-?>*0:0:>*N#3'5$">*R:S:*
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5$"*&$%#,56%&-$2*&$*5*9&"#*,5$)#*-'*+,-45,(-%&6*)#$-7#2:i*/863#&6*06&"2*L#2:*
VT>*.fD[j.f_G**
*
f`: V%52<$#>*R:*5$"*0:*N5$$*I_^^[K:*u;,5$26,&+%&-$53*56%&?5%&-$*1(*,#6,8&%7#$%:u*
/5%8,#*H]aIaaG`KY*`a^B[[:*
*
fa: L*.#?#3-+7#$%*J-,#*;#57*IGD_DK:LY0*35$)85)#*5$"*#$?&,-$7#$%*'-,*
2%5%&2%&653*6-7+8%&$):L*Z-8$"5%&-$*'-,*S%5%&2%&653*J-7+8%&$)>*\&#$$5>*082%,&5:*
!SX/*HB^DDD`_BD[BD>*OLP*<%%+YCC999:LB+,-e#6%:-,):*
*
f[: L-7158%2*S>*.#<5&2*V>*\5$*R-$%5)8*R>*L-8F#*VY**sV35$%J0LM>*5*+35$%*6&2*
56%&$)*,#)835%-,(*#3#7#$%*"5%5152#:i*/863#&6*06&"2*L#2*_^^^*>*M]YG^`BG^a*
*
f]: L-%<*Z>*W8)<#2*k>*M2%#+*V>*#%*53:*sZ&$"&$)*./0*,#)835%-,(*7-%&'2*9&%<&$*
8$53&)$#"*$-$B6-"&$)*2#@8#$6#2*6382%#,#"*1(*9<-3#B)#$-7#*7L/0*
@85$%&%5%&-$:i*510&4"(0%!6'(3*&_^^]cO\Y^H^j^f`:**
*
f^: S753#>*S:*;:*5$"*d5"-$5)5>*k:*;:*IGDDHK*s;<#*L/0*+-3(7#,52#*!!*6-,#*
+,-7-%#,:i*0$$8:*L#?:*X&-6<#7S*]M>*ff^jf[^:*
*
`D: S5$"#3&$*0>*#%*53:*sk0SV0LY*5$*-+#$B566#22*"5%5152#*'-,*#845,(-%&6*
%,5$26,&+%&-$*'56%-,*1&$"&$)*+,-'&3#2:i*5-!3%"!&C!"$#&D%#*IGDDfK*VMY.^_j.^f:*
*
`_: S6<951#>*k:*g:>*P:*Z5&,533>*#%*53:*I_^^HK:*u;<#*6-6,(2%53*2%,86%8,#2*-'*%9-*F&$6B
2%51&3&F#"*./0B1&$"&$)*"-75&$2*&3382%,5%#*"&''#,#$%*95(2*-'*56<&#?&$)*
2#@8#$6#B2+#6&'&6*./0*,#6-)$&%&-$:u*J-3"*S+,&$)*W5,1*S(7+*b85$%*X&-3*TUY*
_f_B[:*
*
`G: S&$<5*S>*;-7+5*R:*s:8(!%%$"'+#&(7&06%&%"+606&1''-13&!('7%8%'!%&('&?'0&9@#&7(8&
/(3&4"(3**0*2%5%&2%&653*7#%<-"*'-,*'&$"&$)*%,5$26,&+%&-$*'56%-,*1&$"&$)*2&%#2:i*
000!*V,#22>*GDDDYHffj`f:*
*
`H: S%-,7-*N.*5$"*N*g*W5,%F#33:*s!"#$%&'(&$)*+,-%#&$B1&$"&$)*2&%#2*',-7*
8$53&)$#"*./0*',5)7#$%2:i*V,-6*/5%3*065"*S6&*O*S*0:*_^]^*Z#1,85,(c*U\IfKY*
fD*
__]Hj__][*
*
`f: S%-,7->*N:*.:*IGDDDK:*u./0*1&$"&$)*2&%#2Y*,#+,#2#$%5%&-$*5$"*"&26-?#,(:u*
X&-&$'-,75%&62*O\I_KY*_aBGH:*
*
``: ;523&7*J>*k&#e8$*g8>*V#5,33(*Q5$>*N,#)*S&$)#,>*k#'',#(*V5,?&$>*;&7*W85$)>*S<&3&*
P&$>*5$"*d8$*W85$):**sJ-7+5,5%&?#*2%8"(*-$*J<!VB2#@*"5%5Y*$-,753&F5%&-$*
5$"*1&$"&$)*+5%%#,$*6<5,56%#,&F5%&-$:i*X&-&$'-,75%&62*IGDD^K*MTI_]*
*
`a: ;8#,4>*J:*5$"*N-3">*P:*I_^^DK:*sS(2%#75%&6*#?-38%&-$*-'*3&)5$"2*1(*#=+-$#$%&53*
#$,&6<7#$%:i*S6&#$6#>*MbaY`D`B`_D:**
*
`[: ;<&e2*N>*P#26-%*R>*R5,6<53*d>*#%*53:*s0*<&)<#,B-,"#,*1564),-8$"*7-"#3*
&7+,-?#2*%<#*"#%#6%&-$*-'*+-%#$%&53*+,-7-%#,*,#)835%-,(*#3#7#$%2*1(*N&112*
257+3&$):i*4"("'7(8.10"!#*&GDD_cO]Y___HjGG:*
*
`]: \53#$%#*M>*01-8BS3#&75$*V>*J5+8%-*\>*#%*53:*sW#,#"&%5,(*#5,3(B-$2#%*
V5,4&$2-$v2*"&2#52#*6582#"*1(*78%5%&-$2*&$*V!/d_:i*9!"%'!%*&GDDfc*
VNbY__`]jaD*
*
`^: ?5$*W#3"#$*k>*0$",}*X>*J-335"-B\&"#2*k:*sM=%,56%&$)*,#)835%-,(*2&%#2*',-7*%<#*
8+2%,#57*,#)&-$*-'*(#52%*)#$#2*1(*6-7+8%5%&-$53*5$53(2&2*-'*-3&)-$863#-%&"#*
',#@8#$6&#2:i*2&/(3&4"(3*&_^^]c*MUOY]G[j]fG:*
*
aD: ?5$*W#3"#$*k>*0$",}*X>*J-335"-B\&"#2*k:*s.&26-?#,&$)*,#)835%-,(*#3#7#$%2*&$*
$-$B6-"&$)*2#@8#$6#2*1(*5$53(2&2*-'*2+56#"*"(5"2:i*5-!3%"!&C!"$#&D%#*&GDDDc*
G]Y_]D]j_]_]*
*
a_: ?5$*W#3"#$*k>*0$",#*X>*J-335"-B\&"#2*kY**sM=%,56%&$)*,#)835%-,(*2&%#2*',-7*%<#*
8+2%,#57*,#)&-$*-'*(#52%*)#$#2*1(*6-7+8%5%&-$53*5$53(2&2*-'*-3&)-$863#-%&"#*
',#@8#$6&#2:i*k*R-3*X&-3*_^^]*>*MUOY]G[B]fG:*
*
aG: g#2%>*0:*N:*5$"*Z,52#,>*V:*IGDD`K*sL#7-%#*6-$%,-3*-'*)#$#*%,5$26,&+%&-$:i*
W87:*R-3:*N#$#%:*_f*S+#6:*/-:*_>*L_D_jL___*
*
aH: g,5(*N0:*;<#*#?-38%&-$5,(*2&)$&'&65$6#*-'*6&2B,#)835%-,(*78%5%&-$2:*510*&D%)*&
=%'%0*IGDD[K*UYGDajG_a*
*
f_*
af: g,&)<%*g:M:>*Z8$4*g:.:*sJ0S;&$)*'-,*783%&6-7+-$#$%*./0B1&$"&$)*
6-7+3#=#2:i*I_^^HK*;,#$"2*&$*X&-6<#7&653*S6&#$6#2>*_]*IHK>*++:*[[B]D:*
*
a`: r575$>*r:>*0$25,&>*0:r:>*N58",#58>*P:>*/#?5"->*k:*5$"*V%52<$#>*R:*I_^^]K:*sN#$#*
%,5$26,&+%&-$*1(*,#6,8&%7#$%:i*J-3"*S+,&$)*W5,1-,*S(7+:*b85$%:*X&-3:*\V>*
_a[j_[_***
*
aa: g522#,75$*g(#%<*g*5$"*031&$*S5$"#3&$:*s0++3&#"*1&-&$'-,75%&62*'-,*%<#*
&"#$%&'&65%&-$*-'*,#)835%-,(*#3#7#$%2:i*/5%*L#?*N#$#%:*GDDf*0+,&3e*TIfKY*G[aj
G][*
*
a[: J:;:*g-,475$>*Q:*Q&$>*.:P:*J-,6-,5$>*;:*!"#4#,>*N:.:*S%-,7-*5$"*V:\:*X#$-2*
s#$-PANASY*5*?#,25%&3#*9#1*%--3*'-,*#$#,)(*$-,753&F#"*2#@8#$6#*3-)-2:i*
5-!3%"!&C!"$#&D%#**VV*IGDD`K>*++:*gH]^jgH^G:*
*
a]: r<5-*Q8#>*.5?&"*N,5$52>*5$"*N5,(*.:*S%-,7-:*s!$'#,,&$)*X&$"&$)*M$#,)&#2*
',-7*S#3#6%#"*X&$"&$)*S&%#2:i*VP-S*J-7+8%*X&-3:*GDD^*.#6#71#,c*TI_GKY*
*
*
*
*
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Figure2.2 A-H.  6-long  Relative  affinity and Energy binding matrices. A-H. Relative frequency of each type 
of DNA base at each position  of asymmetric(A,C) and symmetric true model 6-long half site. The highest 
affinity bing sites are listed in table 1. E-H. The relative energy scores at each position which are the negative 
natural log of the values in A-H. Each score  position  represents the binding energy contributed by a particu-
lar base at that position in the site to the total binding energy. The relative energy matrix represents  the  
“true” binding model. 
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